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1 I>VTRODUCTION 

1 Introduction 

Congratula&ns! You BE now the proud owner of the Original. Authentic. Internationally Famous. 
Critically Acclaimed, All New and Improved ZIPTRACK INTEGRATOR MANUAL. The IKTEGRATOR 
was originally developed for use with that nationally renowned Magnetic Measurement Device, The 
Ziptrack. lrs accuracy and reliability, however, make it the right choice for any need: as well as the 
perfect gift. 
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2 Operation 

.4lthough a sophisticated piece of equipment, the ZIPTRACK INTEGRATOH is designed to be easy 
to use. It’s so advanced: it’s simple! This section covets everything you will ever want to know 
about using the INTEGRATOR: proaided you don’t want to know too much. Information covering 
the internals of the INTEGRATOR is found in SFction 3 on page 5. 

2.1 Input/Output 

The front and back of the IKTEGRATORS are covered with sockets, dials, and LEDs t,o tell you what 
is going on. as well BS let you do something about it. For your convenience, Figure 1 on page 2 is 
a schematic representation of the cable connections on the back of the INTEGRATOR. Here, for the 
first time: is a complete listing of what they are and what they do: 

Power Supply As any Elecarical Engineer will tell you, “It don’t work if it ain’t plugged in!” At 
least, he might, if he studied English at, M.I.T. To help avoid this difficulty: there are two different 
ways to plug in the IKTEGRATOR. Either 115VAC on A-B of a three pin Burndy connection, or 
else the standard MM crate connector with ztt24VD.T and 115VAC. These &we both located on the 
rear of the module. For added ease, a double-throw selector is located on the front, with LEDs to 
identif) where the power is coming from. 

Operating VoIt.ages The Input Signal and Output Voltage are connected using sockets in the 
back. They are both st,andard, four-pin Burndys of which only three pins are used. A is Signal, B 
is Ground, and C is Shielding. B and C ran be tied together for use with .s coaxial cable. The male 
socket is Input, and the female is Output. 

Time Constant The Input Signal and Output Voltage are related by the reciprocal of the Time 
Constant. This value can be adjusted by the multi-position switch on the front. The Time Constant 
can take on any of eight values spanning three and a half decades. See Section 2.3 for more details 
and the exact values. 

Drift Zero The ZIPTRACK INTECKATOR is replete with features to deal wit,h Drift. There ax 
two powntiometers, one or f dealing with the Input Offset Current, and the ot,her for dealing with the 
Input Offset \:oltage. To trim the Current. first set the Time Constant selector t,o Current Trim. This 
open circuits Vi,. Kext, insert a small screwdriver into the adjacent, hole where the powntiometer 
control is locawd. Turn t,he screwdriver in eit,her direction until the drift is reduced to a minimum. 

\‘oltage Trim is e\‘a easier. The Time Constant should be set t,o whatever it will be at during 
actual use: and the Input Signal should be zero. With the Local/Remote swisch at Local, t,urn the 
Drift Zero knob unt,il ahe drift is minimized. Turn t,he knob clockwise to compensat,e for positive drift, 
and uicr versa for negative drift. W:ith proper use. the drift can be reduced to under 5 mV/minut,e. 

with the Local/Remote switch in the Remote position, the voltage &t the D/A Input is added to 
the offset voltage, allowing both manual and electronic control over drift. The Status lemo connect,or 
is open circuit,ed for Localmode and grounded when in Remote mode. Other models sometimes carry 
additional information at the Status connector. 

Overload Skipping back up to the top of the module, we find the Overload readouts. These include 
B LED for human reading and a lemo connector which gives a logical true. The signal is latched, so 
chat it nil1 remain high until Reset is pushed, even if t,he INTEGRATOR is not still saturated. When 
the INTEGRATOR becomes Overloaded, it usually means that the gain has t,o be reduced. (i.e., the 
Time Constant must be increased). 
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Figure 1: Schematic Representation of Rear Cable Connections 
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2.2 Operating Conditions 3 

Reset This is B pushbutton located directly below the Overload signals. This sets the INTEGRATOR 
to zero; and produces a one second signal. This signal lights the accompanying LED and sends a 
down transition through the BNC connector in back. This re&r connector works both ways; in that 
a logic Ion coming in will also Reset. A bank of INTEGRATORS can be hooked together, as well 85 
to a controller: allowing simultaneous Reset. 

2.2 Operating Conditions 

Although st,urdily built, the ZIPTRACK INTEGRATOR is not a piece of Samsonite Luggage. It 
will work in just about any environment with as much efficiency as a human being would in t,hat 
environment. One major consideration is ensuring that it has reached thermal equilibrium before 
readings are t,aken, as the resistances are somewhat temperature dependant. A twenty minute 
warm-up period is suitable. 

The INTEGR.ATOR needs a stable power supply to produce a stable output. In practice, the 
Ziptrack powers them through a ll5VAC 1’ me condit,ioner. There is no real limit, on input voltages, 
though anything over 200mV will cause near-instant sat,urat,ion. Output voltage saturation occurs 
at iv& > 101’. 

2.3 Operational Characteristics 

The main feature of any integrator is the Time Constant. On the ZIPTRACK INTEGRATOR 
ahe Time Constants are within 1% of the nominal values. The values are tabulated in Table 1 on 
page 4. Detailed information can be found in Appendix B on p&ge B.l. The ISTEGRATOR has B 
fixed capacitance of 1 pF. Thus, the input resistance is simply the Time Constant times 106. 
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Table 1: Nominal vs. Actual Time Constant 

Nominal Fitted to Data 
V;, < 0 I V;, > 0 1 r/in f 0 i 

300.00 1 300.30704 1 300.28298 i 300.30134 I! 
- Integrator Number 2 - 

‘1 0.10 i 0.10110 i 0.10096 1 O.lOlOq 
0.30 
1.00 
3.00 

10.00 
30.00 

100.00 
300.00 

0.30205 
1.00610 
3.02519 

10.06160 
30.18876 
99.93402 

300.12434 

0.30205 
1.00611 
3.02534 

10.06177 
30.18787 
99.93471 

300.13753 

0.30216 
1.00619 
3.02530 

10.06166 
30.18863 
99.93434 

300.15500 
~ Integrator Number 3 - 

‘0.10 0.10121 1 0.101-15 1 0.10095 
0.30 0.30221 0.30124 0.30232 
1.00 1.00728 1.00734 1.00732 
3.00 3.02464 3.02470 3.02470 

10.00 10.06761 10.06777 10.06i66 
30.00 30.19350 30.19316 30.19374 

100.00 99.82003 99.81884 99.81861 
300.00 300.07418 300.06205 300.07006 

-Integrator ?hmber 4 - 
0.10 1 0.10068 1 0.10073 1 0.10080 
0.30 0.30160 
1.00 1.00449 
3.00 3.02023 

10.00 10.04265 
30.00 30.12842 

100.00 99.58312 
300.00 299.1Olli 

I 

l. 
0.30157 0.30157 
1.00447 1.00446 
3.02OlP. 3.02022 

10.04260 10.04250 
30.13008 30.12880 
99.58325 99.58334 

299.06792 I 299.08931 
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3 Design 

The ZIPTRACK INTEGR.ATOR has undergone many stages of evolution leading up to the present 
wonder of engineering. Hard as it may be to believe, improvements are continually being made. The 
present model is a balance between economy, reliabilit,y, and aesthetics. It was designed with hard 
work in mind. Chuck Mangene ’ described it as a ‘marvel of redundancy’. 

3.1 The Circuit 

All integrators have an Op Amp, a capacitor, and a resistor or two. What makes this IXTECR.ATOR 
unique is the control circuitry. The design is very modular, as shown in the schematic in Figure 2. 
This makes it, easy to specialize or upgrade the integrator. Many parts were upgraded to the state- 
of-the-art just for this shipment. 

Integrator The inregrat,or is an Analog Devices 234L chopper-stabilized Op Amp with 1 @F of 
capacitance and variable resistance. A capacitor array isolates the Op Amp from iv,,. Trim is 
connected to the Drift Control circuit. 

Drift, Control A 50KR pobentiometer and t,wo AD517K Op Amps we the heart, of the Drift 
Control circuitry. The potentiometer funct,ions as a voltage divider, and uses the first Op Amp as 
a buffer. The second Op Amp is used to add in the D/A Input when the Local/Remote s-.&ch is in 
the Remote position. This volt,age is used as the Trim input on the Integrator. 

Overload Alas, even this technological wonder can sometimes be overworked. Comparators check 
for 1V.J > 10. When this happens, digital logic sets the Overload Latch. This turns on the red 
LED and gives a logic low t,o the Overload lemo connector. This stays set until reset by Reset. 

Reset The function of this signal is to reset the integrator to ground state. It can be initiawd by 
pushing a switch or by giving (L down transition to the BNC connection in t,he back. It is gated to 
have a pulse width T or: 1 second. The integrator capacitor is shorted out, by &small resistor for this 
amount of time. In addition, a red LED is turned on to show t,hat the resetting process is going on: 
and the connector in the back is sent a logic IOU,. As mentioned earlier, t,his also resets the Overload 
Latch. 

Power Supply The power is fully switchable between an External 115VAC and the Internal NM 
crate supply. An AD 934 turns the 115VAC into 24VDC. From there, an !vlC 1468R is used to 
give the i15V needed for Op Amps. A MC 7805 provides the +5V needed for the digital logic. 

3.2 Spare Parts 

While sturdy, the ZIPTRACK INTEGRATOR is by no means indestructible. This being the case, here 
is a list of spare parts which might, be of use to you. Table 2 on page 8 is a complete list of all parts 
used in manufaci,uring the integrator. 

‘Research Division/Research Facilities Department 
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Figure 2: Schematic of Integrator Circuitry 
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3.2 Spare Pads 
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Ifi 
iR2 
tR3 

+R4 ~ 

~ tR5 I 
1 tR6 

:;; ~ 
tR9 
tRl0 

1 

1 kll 
! 

~ R12,R13 
1 R14 ~ 
~ iR15 ~ 

:RlB,tRl’I 
~ iRl8 
~ ‘Rl9,iRZO 

R24 
R25,R26 
R27,R28 
R29-R31 
R32,R33 ~ 
R34 
R35,R36 

3 DESIGN 

Table 2: ZIPTRAK ISTEGRATOR Spare Parts List 
Part ~ TUP~ 

I Q1 
LM299 

Q&Q3 AD517K 
04 1450 : 

30OR 
1KR 
3Krl 

1OKR 
30KR 

1OOKR 
3OOKR 

50Kn 
1KCl 

1OMR 
51R 

270R - lj2W 
i.5KR 
50KR 
20K0 
5OKR 
1OKR 

1Kfl 
1OKR 
1MR 
51OR 

4.7KR 
1OKR 
12KR 
51OR 

cj5 iLOC ~ 

Q6 74LSOO 
47 74LSO2 
QR VE.555 

i4LS147 
Analog Devices 234Li 

IN914 ! 
2x3904 1 

MC1468R ~ 
MC7805 

SIGMA if196 RETC 3K-5G 
Local/Remote 

Sl Dip Switch (8) 
s2 Power: CRATE/llSVAC 

~ ALCO MTA-406N, 4PDT ~ 
s3 Reset Switch 

Centralab Ceramic ~ 
Switch Index PS-21 

S4(1) I 
ALCO Knobs(Z) PKGP-SOB-l/4 
output Corm. Burndy GOB 10 4SNE 
Input Corm Burndy GOB 10 4PNE 
Reset Corm. 
Power Corm. Burndy MS3120 El2 3P 

and Mate MS 
Power Supply AD394 L 

c3 
c4 
C5 
C6,C7 
CB,C9 
Cl0 
Cl1 

1 ClZ,C13 
Cl4 I 

1 Cl5 ~ 
I Cl7 
1 Cl8 
~ Cl9 ~ 

O.OlpF 
22’35 pF 

0.01~1F 
22135 /IF 

0.0&F 
W 

0.47pF 
15OOpF 
0.33pF 

lOOil JLF 
l.OOpF 
0.0&F 
0.33pF 

Bud Converts-Box ~ Type C4-482, 2’xVx4” 
16 Ribbon Cable 1 Dip interconnect 

I 5000P.F. F.T. ERIE 
2425-OOl-X5WO.502.4 

HEATSIi-iKl I Thermalloy Type 6032B 
HEATSINKZ I- ~~ Thermalloy Type 61.66C 

I 
P.C. Boards(Z) 1 .--___ 

Revised: Spring, 1986 

’ Resistors with : are vishag Type SlOZC or caddock Type TK113. (1% To,., IOppm/*C) 
2 Cl ir a component of Remlrch co., Inc., Type J121C105FXA. 
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4 Calibration 

The calibration was performed at the Magnet Tesring Facility (MTF). Data was taken over the 
course of a week on all four integrabors. These measurements are shown on page A.1 in Appendix A. 
They were entered into the computer using the 20/20 spreadsheet program. 

From this data, the Time Constants were calculated. The results of these calculations are shown 
in Appendix B on page B.1. As you saw in Table 1 on page 4, the Time Constants differed from 
their nominal value by less than 1%. 

The linearity of these values is shown to be bet,ter than one part, per thousand. Appendix C 
on page C.l lists the difference between Yp;lrcdicled and Y,easu,c, for each point, Appendix D on 
page D.1 is & graphical view of that same data. 

4.1 Precision Pulse Generator (PPG) 

The Precision Pulse Generator PPG, shown in Figure 3, is at bhe heart of the calibration process. 
It is supposed to take a given input voltage and produce & pulse of that, amplitude. The pulse is 
a,t least, consistent, if not exact,ly equal to its nominal value. The voltage, however, is not very well 
behaved. Here is & quick rundown of the design: 

Voltages This part of the circuit actually carries the signal voltages to be passed on to the inte- 
grator. For this reason, its power and signals are tot,ally isolated from the rest of the circuit. The 
only connections are the optical isolator and the mercury relay. 

The optical isolator runs a power FET which switches between I’;, and Gh’D. From rhere, Op 
Amps transmit the voltage to the mercury relay, which opens and closes the pat,h to V,,,,,~,,,. .4 
15Kfl to 15OR bridge between !‘,,,it,, and ground gives a 1:lOO volca,ge divider for lg,?. Of course, 
smaller RC values in the int,egrator tend to create larger vokage division. 

Pulse Duration Pulse production can be initiated by either t,he debounced switch or the lemo 
connector. They clear the flip-flops which control the switching. The LS73 is wired as a D flip-flop, 
and controls the mercury relay as well as the Pulse LED. The LS’IR is aired as a dual latch, and it 
controls the Pulse lemo connector and the optical isolator. 

When the relay is closed and the FET switched to V,,, the 4059 is triggered. The 4059 w&s the 
amount of time specified by the thumbwheel switches, then sets the flip-flops. This ext,inguishes the 
LEDs, opens the relay, and sets the FET back to ground. 

4.2 Sources of Error 

The calibration procedure is to input, a known voltage for a fixed amount of time and measure the 
resultant, output voltage. The module responsibile for gating the input voltage, the PPG, seemed 
linked ro most of the calibration errors. These can be broken down into the following categories: 

Pulse Width This is actually quite well controlled. IVominal pulse width varied from two to 
thirty seconds. Acrual values were 2.0220 and 30.0225 seconds, wit,h an uncertainty of less than 1 
millisecond. In the worst case this gave an error of 1 part per 20:000, which WBS far less than most 
other sources. 

Input Voltage The DC Voltage standard used as a power source is very accur&e. Unfortunately, 
it had t,o pass through the PPG; which used a voltage divider with much less stability. This divided 
the input voltage by B factor of 100, Th P voltage reduction u’as much greater when working with 
the smaller lime constants and correspondingly lower input resistances, 
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Figure 3: Precision Pulse Generator (PPG) 
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Table 3: Uncertainty in measurement of Output \‘olt,age 

Time Consbant Amplitude of Drift 

t 
IIlSNj 

.I 

.3 
1.0 
3.0 

10.0 
30.0 

100.0 
300.0 

,P\‘l 
500 
200 
100 
30 

5 
4 
2 
1 

c 
Percentage Error 

error:o”tp”t 
i:10.000 
1:20.000 
1:50.000 
1:200,000 
1:1,000,000 
1:500,000 
1:2,000,000 
1:5,000,000 

There were also variations of the input voltage on the order of a microvolt. The Input DVM, 
however, took the arithmetic mean of the voltage with a, sampling rate of about 3 Hertz. This 
reduced the uncertaint,y in the input voltage to about .l pV, or 1 part in a 1000 for low voltages. 
For larger time constants with longer pulse widths, the error would be an order of magnitude or two 
smaller. This was the major source of error in most measurements. 

Output Voltage There was a certain amount of leakage voltage coming through the ISTEGRA- 
TOR. This necessitated con~t,ant, re-zeroing of the drift. Varia,tions in the input, current made it 
impossible to make the drift exactly zero. The best that could be accomplished we.5 to have bound 
oscillations. The amplitude of these oscillations was roughly proportional to gain. The error and 
corresponding uncertainty we shown in Table 3. 

4.3 Goodness of Fit 

The Time Constant was calculated by fitting a line of t,he form 1’ = M* X + B. The Y value was the 
output voltage, and X was the input voltage times the pulse width. This means that M was the nega- 
tive reciprocal of the Time Const,ant, and B was the Offset J’oltage integrated over the pulse width, 
scaled by M. The fit w&s produced using t,he International Mathematical and Scientific Library 
(IMSL) subroutine RLONE, which produces a least-squares fit. 

The fit was made to three different s&s of the data. The first set included only those me&sure- 
mats where Vi:,, < 0, while the second had those for which V,, > 0. The third w&s a global fit, and 
so included all values of Vc, # 0. 

The agreement of Predicted to Measured was excellent. When plotted simultaneously on B 8.5 x 
11 piece of paper, it was impossible t,o distinguish between the two. For RC = 0.1 and 0.3 msec: the 
point by point error was about 1 part per 1000. For larger t,ime constants: the error w&s an order 
of magnit,ude smaller. See Appendix C on page C.l for a full tabulation of errors, point by point. 
Appendix D contains graphs of that same data. The errors from t,he fits V,, < 0 and V,, > 0 are 
shown under Local, while those for Vi, $ 0 are found under Global. 



4.3 Goodness of Fit A.1 

A Calibration Measurements 

Here is a complete listing of all the dat.a points taken during calibra,tion t,esting. There are four s?ts; 
one for each integrator. First is the nominal RC product in milliseconds, Sext is the pulse duration 
Time in seconds. The output and nominal input voltages, Vo,,, and l’,,,,,~,,,~ are in volts, whereas 
lJi,E is in millivolts. The data is divided into two columns> one each for positive and negative input 
voltages. 



Table 4 lniqra!ur So. 1001 Calibratiun Data 

2.022 0.02 : 0.08104 1.65646 0.07960 1.53180 
~ 2.022 ~ 0.04 0.15944 3.25149 

2.022 0.06 0.24122 4.84755 
2.022 : 0.08 0.32092 6.44186 

0.15910 3.12846 
0.23876 4.72338 
0.31866 6.31740 
0.39844 7.91475 

0.30 

2.022 

0.10 0.40092 8.03882 
0.12 0.4?956 9.63280 
0.00 0.00290 0.03352 

0.47832 9.50749 
0.00000 0.00000 

0.20342 1.36118 
0.40098 2.68763 
0.59968 4.01613 
0.79788 5.34129 
0.99632 6.66891 

0.03 
0.06 
0.09 
0.12 
0.,5 
0.18 
0.21 
0.00 
0.10 
0.20 
0.30 
0.40 
0.50 
0.00 
0.30 
0.60 
0.90 
1.20 
1.50 
0.00 
1.00 
2.00 
3.00 

0.19574 1.29301 
0.39508 2.61916 

0.59296 3.94585 
0.79204 5.27267 
0.99058 6.60082 1 ~ 

1.19552 7.99587 1.18940 7.92772 I 
1.39392 9.32198 1.38732 9.25372 i 
0.00500 0.01370 0.00000 0.00000 , 
0.86692 1.74156 

~ 

I 0.85716 1.71467 
1.72922 3.46984 1.71970 3.44267 
2.59202 5.19781 
3.45360 6.92596 
4.31456 8.65464 
0.00800 0.00479 

. 

2.58064 5.17083 
3.44402 6.89932 
4.30506 8.62648 
0.00000 0.00000 

2.83562 1.89316 
5.66660 3.78142 
8.49790 5.66969 

11.32788 7.55757 
14.15778 9.44608 
0.00344 0.00155 
9.76122 1.95795 

19.51666 3.91444 
29.27100 5.87087 

2.82380 1.88332 
5.65494 3.77164 
8.48586 5.65992 

11.31664 7.54789 

r 
14.14632 9.43622 

0.00000 0.00000 
9.74990 1.95490 

19.50540 3.91133 
29.26200 5.86775 
39.01890 7.82432 

-i 

I 

~ 2.022 
1.00 ~ 2.022 

2.022 
2.022 
2.022 
2.022 
2.022 I - 
2.022 
2.022 
2.022 
2.022 
2.022 
2.022 
2.022 -r 
2.022 
2.022 
2.022 
2.022 
2.022 - 
2.022 
2.022 
2.022 
2.022 

4 .oo 39.03040 7.82743 
5 .oo 48.78570 9.78383 48.77290 9.78064 
0.00 0.00752 0.00054 0.00000 0.00000 
1 .oo 
2.00 
3.00 

- 
3.00 

10.00 

~ 30.00 

100.00 
i 

9.85744 0.66907 9.84494 0.65799 
19.70942 1.31760 19.69940 1.31655 

29.55950 1.97615 29.55010 3.97510 

2.022 4.00 
10.022 0.00 

39.41400 2.63474 39.40320 2.63369 
0.00185 0.00152 0.00000 0.00000 

j : 

/ 

i , 

i 20.022 
_ 20.022 

20.022 
20.022 
20.022 
20.022 
20.022 

0.05 
0.10 
0.15 
0.20 
0.25 

0.49953 0.10047 
0.99496 0.19937 
1.48758 0.29838 
1.9832: 0.39734 
2.47748 0.49629 
2.97018 0.59522 
3.96049 0.79313 
4.94914 0.99106 
5.93737 1.18894 
7.91424 1.58475 
9.89172 1.98057 

14.83489 2.97013 

0.48909 0.09742 

0.98334 0.19640 

1.47775 0.29534 

1.97215 0.39430 
~ 
~ 

2.46624 0.49327 
2.96055 0.59220 
3.94929 0.79014 
4.93790 0.98801 
5.92663 1.18593 
7.90370 1.58178 
9.88073 1.9775i 

14.82403 2.96713 ~ 
19.76708 3.95662 1 

4.94625 ! 
5.93569 
6.92529 ~ 
7.91492 
8.90450 : 
9.89391 
0.00000 
1.97881 
3.95820 
5.93757 
:.:84,6 
9.89565 

4.94924 ~ 24.71010 
5.93869 29.65290 
6.92825 34.59600 
7.91789 39.53990 
8.90146 44,483OO 
9.89693 49,42590 
0.00053 0.00000 
1.97988 29,682OO 
3.95929 59.370HO 
5.9386; 89,05910 
7.91794 116.34770 
9.89690 98.95390 

0.30 
0.40 
0.50 
0.60 
0.80 
1 .oo 
1.50 

20.022 2.00 19.77789 3.95968 
20.022 2.50 24.72100 
20.022 3.00 29.66380 
20.022 3.50 34.60700 
20.022 4.00 39.55060 
20.022 4.50 44.49400 
20.022 5.00 49.43680 

3oo.oc! 20.022 0.00 0.00616 
20.022 3.00 29.69370 
20.022 6.00 59.38220 
20.022 9.00 e9.07030 
20.022 12.00 11@.75i90 
30.022 ~ 10.00 98.96550 



Table 5: Integrator No 1002 Laiibraliorl Data 

7 

t 

“n.mwd r:, < 0 1’o.t 1’:” > 0 v0.t 
0.00 0.00304 0.06616 ,' 0.00000 0.00000 
0.02 0.07644 1.66743 0.08312 1.53108 

RC Time 
~ 0.10 2.022 

~ 2.022 
~ 2.022 

2.022 
1 2.022 

2.022 

0.04 0.15628 3.26404 
0.06 0.23646 4.85988 

0.08 0.31640 6.45635 

O.lD 0.39584 8.05751 

0.16284 3.12978 
0.24328 4.72540 
0.32374 6.32436 
0.40196 7.92350 
0.48188 9.51730 
0.00000 0.00000 
0.19940 1.29133 
0.39810 2.62173 
0.59692 3.95040 
0.79546 5.28065 
0.99436 6.60937 
1.19286 7.94048 

j 

- 0.12 0.47584 9.65445 
0.00 0.00092 0.03709 ~ 

2.022 

: 0.30 2.022 
I 

2.022 
2.022 

~ 2.022 
~ 2.022 

2.022 

0.03 0.19816 1.3629, 
0.06 
0.09 
0.12 
0.15 

2.022 ~ 0.18 
2.022 0.2, 

I .oo 2.022 0.00 

0.39634 2.69494 
0.59504 4.02593 
0.79398 5.35405 
0.99280 6.68449 
1.19112 8.01392 

1.39142 9.27276 
0.00000 0.00000 
0.8612h 1.71759 

2.58510 
1.72314 

3.44680 

3.44931 
5.1812? 
6.91382 

- 

0.86260 

1.38986 9.34293 

2.58640 

0.00062 0.01434 
1.74654 

5.21087 
6.94350 ~ 

1.72456 3.47765 

3.44858 

0.10 
0.20 

0.30 
0.40 
0.50 

0.00 
0.30 
0.60 

0.90 
1.20 
1.50 
0.00 
1 .oo 
2.00 
3.00 
4.00 
5.00 

0.00 
1.00 
2.00 
3.00 

2.022 
2.022 

~ 2.022 

/ 
2.022 

I 2.022 

3.00 ~ 2.022 
I 2.022 

4.31038 8.67520 / 4.30898 8.64628 

0.00128 0.00537 ! 0.00000 0.00000 
i L 

2.83172 1.89678 1 
5.66214 3.78837 ~ 

2.82888 
5.65964 

8.49218 5.68037 8.48986 
11.32240 7.57197 ~ 11.31954 

1.88646 
3.77835 
5.66995 
7.56133 

2.022 
2.022 
2.022 
2.022 
2.022 

2.022 
2.022 
2.022 

2.022 
2.022 
2.022 
2.022 
2.022 
2.022 

L 

! 

- 2.022 4.00 

20.022 ~ 0.00 
20.022 0.05 
20.022 0.10 
20.022 0.15 
20.022 0.20 

20.022 0.2% 

20.022 0.30 
20.022 0.40 

14.15296 

9.75756 1.96219 
19.51330 

9.46358 ~ 

3.92264 
29.26900 5.88324 

0.00128 

39.02560 

0.00155 

i.84386 

48.78120 9.80447 

0.00136 0.00048 
9.85358 0.66043 

19.70570 1.32033 
29.55780 1.98019 I L 

-. 

9.75374 1.95886 

14.15020 9.45305 

19.50958 3.91944 
29.26510 5.87982 
39.02200 7.84059 

0.00000 0.00000 

48.77770 9.80108 
0.00000 0.00000 
9.85012 0.65926 

19.70222 1.31918 
29.55420 1.97905 

7 

1o.00 
1 

30.00 

1 

1 
i 100.00 

39.40710 2.63901 
0.00000 0.00000 

39.41040 2.64011 
0.00195 0.00166 
0.49585 0.10064 0.49514 0.09735 
0.99017 0.19965 0.98663 0.19645 
1.48447 0.29866 1.48110 0.29547 
1.97882 0.39764 1.97526 0.39448 
2.47305 0.49684 2.46971 0.49363 
2.96730 0.59584 2.96415 0.59298 
3.95608 0.79392 3.95262 0.79067 

20.022 0.50 4.94497 0.99202 4.94117 0.98871 
20.022 0.60 5.93351 1.19002 5.93019 1.18673 
20.022 0.80 7.91042 1.58620 7.90750 1.58296 
20.022 1.00 9.88748 1.98233 9.88459 1.97904 
20.022 1.50 14.83080 2.97272 14.82779 2.96940 
20.022 2.00 19.77400 3.96307 19.77072 3.95983 
20.022 2.50 24.71700 4.95345 24.71390 4.95019 
20.022 3.00 29.65980 5.94375 29.65660 5.94041 
20.022 3.50 34.60310 6.93417 34.59990 6.93083 
20.022 4.00 39.54680 i.92454 39.54330 7.92135 
20.022 4.50 

I 
44.49000 8.91498 44.48690 8.91164 

I 20.022 5.00 49.43290 9.90519 ~ 49.42960 9.90191 
300.00 20.022 0.00 0.00195 0.00035 0.00000 0.00000 

20.022 3.00 

20.022 6.00 

20.022 9.00 
20.022 12.00 

30.023 IO.00 

29~68830 1.9ROi2 29.68630 1.9796i 
59.3iiZCi 3.96097 59.37500 3.95997 
89.06540 5.94114 89.06300 5.94018 

117.26500 7.82330 116.76280 7.78859 
98.9585Cl 9.90135 98.95850 9.90010 



Table 6. Inregratw So lUU3 Calibration Dam 

RC Time ~-.wm.".l 1.. < 0 16", 
0.10 2.022 0.00 ~ 0.00182 0.06022 

2.022 ~ 0.02 I 
2.022 ~ 0.04 

0.07554 1.65946 ~ 0.08284 1.53462 

2.022 0.06 
2.022 0.08 
2.022 0.10 

0.15582 3.25654 
0.23566 4.85364 
0.31552 6.45233 

0.16264 3.13317 
0.24206 4.73133 
0.32224 6.32799 

0.39550 8.05143 1 0.40200 7.92538 
i 0.47560 9.64708 : 0.48264 9.52334 ~ 
j 0.00150 0.03327 i 
j 0.19770 1.36285 1 

0.00000 0.00000 
0.19986 1.24949 
0.39854 2.62396 
0.59730 3.95242 
0.79616 5.28153 
0.99488 6.61152 

2.022 ! 0.12 
2.022 i 0.00 
2.022 ~ 0.03 
2.022 0.06 
2.022 ~ 0.09 

- 
~ 0.30 

0.39614 2.69213 
0.59482 4.02136 
0.79326 5.35077 
0.99216 6.67999 

I 2.022 0.12 
1 

! 
2.022 ~ 0.15 
2.022 ~ 0.18 ~ 1.19084 8.00837 

I ~ 2.022 0.21 1.38956 9.33786 
1.00 2.022 ~ 0.00 0.00052 0.01353 

1.19348 7.93915 
1.39196 9.26832 
0.00000 0.00000 

c 

2.022 
2.022 
2.022 
2.022 

0.10 
0.20 
0.30 
0.40 

0.86150 1.71686 
1.72360 3.44707 
2.58560 5.17818 
3.44778 6.90836 
4.31020 8.63911 
0.00000 0.00000 
2.82938 1.88704 
5.65994 3.77930 
8.49012 5.67126 

11.32010 7.56312 

0.86248 1.74366 
1.72462 3.47429 
2.58688 5.20455 
3.44876 6.93526 
4.31074 8.66565 
0.00068 0.00435 
2.h3108 1.89679 
:,,i,6146 3.78903 
8.49176 5.68109 

11.32176 7.57289 

2.022 
I 

0.60 
2.022 0.90 
2.022 ~ 1.20 

14.15050 9.45516 
0.00000 0.00000 

2.022 ! 1.50 
2.022 1 0.00 

14.15224 9.46515 
0.00124 0.00156 

2.022 
2.022 
2.022 

1 .oo 
2.00 
3.00 
4.00 
5.00 
0.00 
1.00 
2.00 
3.00 
4.00 
0.00 
0.03 
0.10 
0.15 

9.75472 1.95791 
19.51064 3.91727 
29.26620 5.87661 
39.02290 7.83606 
48.77830 9.79538 ~ 

0.00000 0.00000 ! 
9.85040 0.65921 ~ 

19.7024fi I .31899 
29.55420 I .97876 
39.40690 2.63857 

0.00000 0.00000 
0.49255 0.09783 

9.75720 1.96094 
19.51312 3.92030 
29.26880 5.87965 
39.02530 7.83923 
48.78110 9.79855 

0.00146 0.00042 
9.85338 0.66027 

19.70576 1.32005 
29.55750 1.97982 

2.022 

t 

2.022 
20.022 
20.022 
20.022 

39.41040 2.63964 
0.00161 0.00,50 

c 

0.49568 0.10067 
0.99004 0.19983 
1.48440 0.29898 
1.97872 0.39815 
2.47310 0.49727 
2.96747 0.59643 
3.95617 0.79475 3.95300 0.79173 / 
4.94458 0.99306 1 4.94184 0.99005 ~ 

0.98695 0.19678 
1.48129 0.29597 
1.97543 0.39511 
2.46987 0.49426 
2.96415 0.59340 

20.022 
20.022 
20.022 
20.022 
20.022 

0.20 
0.25 
0.30 
0.40 
0.50 
0.60 5.93337 1.19135 
0.80 7.91069 1.58794 
1 .oo 9.88761 1.98454 
1.50 14.83085 2.97608 
2.00 19.77390 3.96755 
2.50 24.71720 4.95905 
3.00 29.65980 5.95049 
3.50 34.60320 6.94205 
4.00 39.54700 7.93358 
4.50 44.49010 8.92515 

5.93013 1.18827 
7.90734 1.58490 
9.88420 1.98149 

14.82749 2.97301 
19.77050 3.96453 
24.71380 4.95604 
29.65600 5.94747 
34.59980 6.93901 
39.54310 7.93057 
44.48650 8.92208 

~ 20.022 / 5.00 49.43290 9.91645 49.42940 9.91352 
300.00 20.022 0.00 0.00173 0.00053 0.00000 0.00000 

20.02? 3.00 29.6P93" 1.9813P 29.68570 I.98038 
20.022 6.00 59.37790 3.9622P 59.37410 3.96133 
20.022 9.00 89,066OO 3.94321 89.06200 5.942iR 
20.022 12.00 116.75360 7.92405 116.74640 i.i8965 
30.023 10,oo 98.96140 9.90460 98.95i60 9.90331 



Tabit 7: Integrator So, 100.1 Calitrs~ion Dala 

RC Time r'.wm".l I';, i 0 1'a.t I,',, > 0 v0.t 
0.10 2.022 0.00 0.00266 0.05990 0.00000 0.00000 

2.022 0.02 0.07732 1.65991 0.08258 1.53829 
2.022 0.04 0.15700 3.26220 

~ 
0.16234 3.14045 

~ 

2.022 ~ 0.06 0.23694 4.86202 0.24230 4.74165 
2.022 0.08 0.31652 6.46518 0.32202 6.34389 
2.022 0.10 0.39630 8.066i3 0.40176 7.94440 ~ 
2.022 0.12 ~ 0.4i610 9.66907 0.48152 9.54699 ~ 

0.30 2.022 0.00 0.00100 0.03450 0.00000 0.00000 
2.022 0.03 
2.022 0.06 

0.19770 1.36679 0.19956 1.29713 
0.39628 2.69820 0.39822 2.63007 

I / 2.022 0.09 0.59520 4.03070 ~ 
2.022 0.12 0.79366 5.36270 I 

2.022 0.15 0.99256 6.69468 ! 

2.022 0.18 1.19108 8.02685 

L ~ 2.022 0.21 1.38984 9.35902 
1.00 2.022 ~ 0.00 0.00021 0.01297 

0.59690 3.96172 
0.79558 5.29510 
0.99446 6.62618 
1.19302 7.95911 
1.39172 9.29090 
0.00000 0.00000 
0.86136 1.72147 
1.72336 3.45711 
2.58550 5.19227 
3.44754 6.92772 

4 

2.022 0.10 0.86246 1.74847 
2.022 0.20 1.72434 3.48367 
2.022 0.30 2.58632 5.21914 
2.022 0.40 3.44866 6.95420 

4.30948 8.66265 
0.00000 0.00000 

4.31050 8.68946 
0.00086 0.00484 

c 

I 

+ 

0.30 
0.60 
0.90 
1.20 

2.83134 1.89962 
5.66166 3.79460 
8.49208 5.68939 

11.32250 7.58418 

2.82922 1.88992 
5.65986 3.78508 
8.49014 5.68006 

11.32023 7.57471 
14.15058 9.46953 / 
0.00000 0.00000 / 

2.022 1.50 ~ 14.15278 9.47929 
2.022 ~ 0.00 1 0.00134 0.00153 ~ 10.00 

I 2.022 ~ 1.00 ~ 9.75702 1.96582 
! 2.022 ~ 2.00 ~ 19.51272 3.93006 
I 2.022 
~ 2.022 

- 

9.75410 1.96272 ~ 
19.50978 3.92700 
29.26540 5.89125 
39.02200 7.85564 
48.77780 9.81984 

0.00000 0.00000 
9.85052 0.66071 

19.70250 1.32185 
29.55440 1.98291 

29.26850 5.89428 
39.02490 7.85871 
48.78060 9.82286 

0.00114 0.00050 
9.85304 0.66170 

19.70502 1.32288 
29.55690 1.98408 

3.00 
4.00 
5.00 
0.00 
1.00 
2.00 
3.00 
4.00 
0.00 
0.05 
0.10 
0.15 
0.20 

1 2.022 
30.00 2.022 + 

t 
2.022 
2.022 
2.022 
2.022 

L 

20.022 
20.022 
20.022 
20.022 
20.022 

i 39.40950 2.64531 
0.00138 0.00153 

39.40690 2.64424 
0.00000 0.00000 100.00 

L 

0.49558 0.10090 0.49320 0.09785 
0.98981 0.20026 0.98763 0.19726 
1.48413 0.29967 1.48200 0.29663 
1.97849 0.39905 1.97638 0.39603 
2.47272 0.49843 2.47070 0.49543 
2.96703 0.59780 2.96502 0.59481 

20.022 0.25 
20.022 0.30 
20.022 

20.022 

20.022 

20.022 

20.022 

20.022 
~ 20.022 
~ 20.022 

20.022 
20.022 
20.022 
20.022 
20.022 

300.00 20.022 
20.022 
20.022 
20.022 
20.022 

~ 30.023 

3.95563 0.79659 
4.94416 0.99536 
5.93268 1.19413 ~ 5.93093 1.19113 

0.80 

0.40 

7.90984 
1 .oo 

0.50 

9.88678 
1.50 

0.60 

14.82986 
2.00 19.i7303 
2.50 24.71$00 
3.00 29.65870 
3.50 34.60210 
4.00 39.54570 
4.50 44.48R70 
5.00 49.43140 
0.00 0.00115 
3.00 29.68850 
6.00 59.37690 
9.00 89.01470 

12.00 118.75260 
10.00 98.96080 

3.95371 0.79363 
4.94229 0.99236 

1.59167 
1.98914 
2.98299 
3.97689 
4.97070 
5.96446 
6.95838 
7.95234 
8.94608 

7.90810 1.58868 

9.88511 1.98615 
14.82816 2.98003 
19.77113 3.97383 
24.71430 4.96775 
29.65720 5.96154 
34.60040 6.95539 
39,54390 7.94935 
44.48730 8.94321 
49.43020 9.93691 

0.00000 0.00000 
29.68650 1.98663 
59.37480 3.97429 
89,0629CJ 5.96167 

116.76040 i.81632 
98.95760 9.93544 

9.93973 
0.00034 
I .98x36 
3.97526 
5.96251 
7.94987 
9.93734 



4.3 Goodness of Fir B.1 

B Time Constant Linear Regression Results 

These we the time constant values obtained bg running RLOK‘Eon the data points from Appendix A. 
Therz we four tables. one for each ITTEGRATOR. Three values are listed for each of the eight Time 
Constants, represent,ing fits to three different ranges of data. One is for negative input voltages 
(I;, c’ 0): she next is for posit,ive input voltages (\I:~ > 0), and the final one is fitted to the entire 
range of Yalues (Il., j 0). 

The fir was made to t,he line \ji,, = M x (\‘,n x T) + B. Thus, t,he Time Constant shown is 
actually t,he negative reciprocR1 of the slope. The Offset corresponds to the intercept times the 
negative of the Time Constant. The last column is the Sum of Residuals Squared, in units of square 
volts. Section 2.3 contains a quick summary of the Time Constants in Table 1 on page 4. 



B.2 4 CALIBRATI0.Y 

Table 8: Integrator No. 1001 Time Constant Data 

: 3.0 vi,+0 3.03101 1 -0.00306 0.1220G05 
i 10.0 v,, < 0 ~ 10.08302 -0.00645 1 0.1938CO6 
~ 10.0 v,, > 0 10.08283 ~ -0.0034i ~ 0.4757G07 

10.0 vii,, # 0 10.08272 -0.00441 0.2877%06 
30.0 vi, < 0 30.24905 I -0.00471 I O.l104E-07 
30.0 
30.0 

100.0 
100.0 
100.0 
300.0 
300.0 
300.0 

V,, > 0 ~ 30.25040 ~ 
v,, ~ # 0 30.24941 
V,, < 0 100.01691 -0.03904 0.1729E.06 ~ 

v., > 0 100.01614 -0.04675 0.2364COi vi, # 0 100.01709 -0.04198 0.2265E.06 
Vi” < 0 300.30704 -0.04954 0.1869E.08 

1 

V,, > 0 ~ 300.28298 I -0.12349 O.Q518E-Oi 
v;, # 0 ~ 

~ 
300.30134 1 -0.02729 ~ 0.1776G06 



4.3 Goodness of Fir Es.3 

Table 9: Integrator No. 1002 Time Constant Data 

0.7402E-03 
0.9130E-03 
0.2603E-04 
0.1797E04 

1 0.3 Vi, # 0 0.30216 i -0.01268 
rl.ori.,<o 

1 1 0.6109E04 
/ 1.00610 ~ -0.01261 ~ 0.9752E06 

0.3915E-06 ~ 
0.1876B051 
0.141SO6 1 
O.l915E-07 

3.0 1;;” # 0 
Vi, 

3.02530 ~ -0.01303 ~ 0.2160E.06 
10.0 < 0 10.00160 1 -0.01261 I 0.9849E.08 
10.0 l’,, > 0 1 10.06177 j -0.01229 ~ 0.3231E-08 

~ 10.0 K” + 0 10.06166 
! 

I -0.01296 
30.0 lj:, i 0 1 30.18876 1 -0.01381- 
30.0 v,, > 0 1 30.38787 -0.01508 
SO.0 V,, # 0 : 30.18863 -0.01371 

100.0 Vi, < 0 i 99.93402 -0.12960 
100.0 Vi, > 0 99.934il 

0.1942E-07 ~ 
0.2493G09 ~ 
0.2935E09 ~ 
0.20903-08 ~ 
0.54263-07 
0.5308E.06 
0.5957G06 ~ 
0.482OG06 ~ 
0.1937G06 / 
0.9855C06 / 



B.4 4 CALIBR.4TIORT 

Table 10: Integrator No. 1003 Time Constant Data 

Fit for: 

0.1 K, < 0 
0.1 v,, > 0 
0.1 v,,#O 

! 0.3 vi, < 0 
0.3 vi, > 0 
0.3 vi, # 0 
1.0 v,, < 0 

k 

1.0 v,, > 0 
1.0 V,,#O 
3.0 v,, < 0 

c 

i 

3.0 vi, > 0 
3.0 v;, rf 0 

10.0 v,” < 0 
10.0 vi, > 0 

~ 10.0 v,, # 0 
30.0 5;” <: 0 

I 30.0 I:, > 0 

m 

L 

- 

0.10121 
0.10115 
0.10095 
0.30221 
0.30124 ~ -0.02049 0.1081602 ~ 

1.00734 
1.00732 - 
5.02464 

-0.01243 
-0.01251 
-0.01280 
-0.01321 
-0.01317 
-0.01275 
-0.01225 

0.3599G08 
0.2773E.07 ~ 

10.06706 ! -0.01296 0.1219G07 
-0o122o 30.19350 

30.19316 i -0.01383 
1 

~ O.l051E-09 
30.19374 -0.01273 ~ 0.141OEO8 
99.82003 1 -0.12437 j 0.2862E-07 ~ 

1 100.0 V;, > 0 99.81884 / 

‘~i:~~~~ 



4.3 Goodness of Fit B.5 

Table 11: Integrator No. 1004 Time Const~ant Data 

Fit for: RC [maec] ! Drift [nV-secj ~ Residual Sq. !1’2:, 

0.19233-04 ----i 
0.9425EO5 

0.1 L:” # 0 0.10080 -0.01158 0.12983-03 ~ 
~ 0.3 vi. < 0 0.30160 I -0.01242 I 0.2093E-05 ~ 
~ .‘. ~ 0.3 v,, > 0 0.30157 i -0.01218 ~ 0.34763-05 ~ c 0.3 1.0 15, v,, # < 0 0 1 ~ 0.30157 1.00449 ~ -0.01221 -0.01262 ~ 0.6331E-05 0.3610E.06 1 

10.0 Vi, # 0 10.04250 1 -0.01238 0.2358E-07 
30.0 I<, < 0 30.12842 1 -0.01299 0.119OEO9 ~ 

~ 30.0 r:,, > 0 30.13008 1 -0.01122 
1 30.0 V;, # 0 ~ 30.12880 -0.01348 
~ 100.0 I’,, < 0 

0.7471co7 
0.23063-08 
0.73463-07 
0.2055E06 ~ 



4.3 Goodness of Fit c.1 

C Deviation from Straight, Line: Data 

These are the differences between the fitted and measured valuer for each point. This is the data 
from which the graphs in Appendix D were mad?. The)- are from the formula: 

Al’ = )~mcrzaurrd Yprcdicted 

or: as it was act,ually calculated: 

AVO,, = I”,,, (Sfnpe x (V;, (T) i Intercept) 

There are two halves to this chart. The first, half uses those values of r-‘,,, which we grea,ter 
than zero, corresponding to I:, < 0. The next two columns are AV,,, calculated wit,h t,wo different 
values of Slope and Intercept. The first is from the Local fit> which w&s fitted bo V;, < 0; and the 
second is the Global fit, which included all values of Vi, # 0. The right half of the table is analogous, 
except that it is for C;, > 0 (VO,t < 0). All values are in volts. 



TSIC I? lr,:r.f;a~nr .Sr: 1001 Drviarion frr,m FII 

vow At',,, Volts lb., Al,‘o,, !Voltsj 
:vo1ts- I,'," < 0 I,,. +T 0 'volts: I,',, > 0 1;. 5 0 

- RC = 0.1 maec - 
~1.65646 -0.57920E.02 -0.67461E-02 .1.53,80 1 -0.44136E-02 +O.l240lE-01 
i3.25149 -0.24025C01 -0.22916E.01 !, -3.12846 -0.22463E-02 +0.30715E-02 
-4.84755 -0.12608E-01 .0.13878E-01 ; -4.72338 -0.39663E-02 -0.13229E.02 
-6.44186 .0.94654&02 -O.l0892E-01 ,, -6.31740 ~ -0.13650E.04 -0.25457E-04 
-8.03882 -0.9661RE-02 -0.11247E.01 -7.91475 ~ -O.l7364E-02 -0.44540E-O? 
~9.63280 ~ -O.l4313E-03 -0.12574E-01 -9.50749 -0.31237L02 -0.22i58E-02 

- RC = 0.3 ~SLC - 
-1.36118 -0.40757%02 -0.10114E.01 -1.29301 i -0.26443L02 +0.98075E-03 
+2.68763 
+4.01613 
-5.34129 
-6.66891 
-7.9958i 
~9.32196 - 

*O.l6498E-02 .0,28183E-02 " .2.61916 ~ ~0.303:2E-02 -0.58706E-02 
~0.18043E.02 -0,47164E-03 
-O.l9613E-02 

-0.lOE47E.02 in -3.94585 -O.l5759E-02 
-0,64751E-03 1; -5.27267 -O.l6985E-02 -0.29554E-02 

-0.29739E.02 ~0.32372E.02 ', -6.60082 j +0.35009G04 -0.50343E.03 
-O.l7543E.-02 -0,92178E-04 " -7.92772 '0 l4923E-02 
-0.19843E.02 -0.l439OE.02 1' -9.25372 ~ '.0:21636E-02 

-0.11711E.02 
-0.32708E-02 

"^ .^ 
- KC = I.” rndCC - 

il.74156 -0.88608E-03 -0.12343E.03 !: -1.71467 ~ -0.19979E.03 -0.l5679E.04 
-3.46984 -0.27378G03 -O.l6321E,-03 'i -3.44267 ' i0.88224E-03 ~0.1032lE-02 
-5.19781 ! -O.l65lOE-02 -0.17622E.02 -5.17083 -0,14032E-02 -O.l2875E-02 
~6.92596 ' -0.94974E.03 -0.73548E.03 !f -6.89932 -~0.8:277E.03 -0,95406E.-03 
18.65464 -O.l5246E:-02 i0.20640E.02 !I -8.62648 I -0.21216E-03 -O.l6509E-03 

- RC = 3.0 ~SLC - 
-1.89316 +0.25382E-03 -0.49596E.03 ;; -1.88332 1 -O.l7489E-03 -0.56026E;-03 

+3.78142 i i0.35702E-04 -0,30j74E.03 I! -5,6jg92 
-0.19684E.03 11 -3.77164 ! -0.2142OE~O4 -0.21441E-03 

15.66969 -0.38588E-03 +0.11098B03 +0,24679E-04 
-7.557j7 I -0.31692E-03 -0,31775E-03 / -7.54789 +0.41716G03 &0.48037E-03 
-9.44608 1 -0.43540E.03 -0.35361E.03 ;: -9.43622 -0.37042&03 -O.l5775E-03 

- RC = IO.0 m.,ec - 
+I.95795 ; -0.15748E.03 -0,1341lE-04 1; .I.95490 ! -0.95774E-05 .0.81479E-04 
+3.91444 ' ~0.23831E-04 -0.10969E.03 11 -3.91133 -0.81987E.04 -0.13254E.03 i 

';:",;;;; j :",:;;;;;::: 
-039338E03 ', 5 86775 ! +0.76196E.04 

19.78383 ( -0.57704E.04 
.o:20766E:o3 : :7:82432 ~ +0,14454E-03 :::::%::: ~ 
-0.14649E.03 ~8 .9.78064 -O.l1868E-03 -O.lOjZOE-03 

- RC = 30.0 m.,ec - 
+0.65907 ~ -0,70183E-05 -0.15373E.04 " -0.65799 i -0.48330E.04 -0.83989E.04 
-1.31760 I .0.33355E-04 -0.33872E-04 -1.31655 1 +0.84385E.04 

-0.94632E.04 ii -1.97510 ~ -0.24226&04 
-0.70284E.04 
.O.l6:77CO4 

-0.32315E;-04 I/ -2.63369 ' -0.32416G04 -0.16588E-04 

- 
: +0.10047 

-0.19937 
-0.29838 
+0.39734 
+0.49629 
+0.59522 
io.79313 
-0.99106 
-1.18894 
-1.58475 

-0.74680E-04 
-0.20354E-03 

-0.19076G03 
-0.79516&04 
-0.63512E.04 

-0.23477%03 
-0.10157E.03 
-0.85608C04 
-0.35566E-04 

+0.32443&04 
-0.11662E-04 

- RC = 100.0 m.,ec - 
+0,51465E,-04 ,; .0.09742 i +0.22373E-04 
-O.Z2658E-03 Ii -0.19640 

-0.16790E.03 ' -0.29534 
-O.l0220E-03 1: -0.39430 
-0.86015E-04 !! -0.49327 

-0.21245E-03 '! -0.59220 
-0.12354G03 -0.79014 
-0.30722E-03 ~ -0.98801 
-0.56822E-04 ii -1.18593 

-O.l1899!Z;-04 ~~ -1.58178 
-0.31494E.04 -1.9775i 

-0.l4862G04 
Lo.I9934E-04 
-0,32728E-04 
-0.26537E.-04 
-0.17598E.05 
-0.81835E.05 

+0.29368E-04 
i0.40943E.04 
-0.2398lG04 
-0.36913E.04 

-0.69139E.04 
*0.30965E-04 
i0.64820E-04 
+0,766i4E-04 ~ 
;O.l6470E-04 
-0.40307E.04 I 
~0.32003E.04 i 
+0.676ZE-04 
t0.77370E.04 ~ 
-0.86863E-05 
-0.80047E-05 

I 
-1.9805i 
12.97013 -0.58258E-05 -0.23677E-04 -2.96713 0 91067E.05 

-' 

+O.l0402E-04 
-3.95968 -0.24042E.04 -0,77722E-05 

:, -4.94625 ~ 
-3.96662 , +0.38653E.04 +0.48i63E-04 

-4.94924 ;0.41889E-04 -0.27400E-04 -0S9593E-04 -0.58882E-04 
-5.93869 ~ -0.11794E.04 -0.91372E-06 -5.93569 -0.,18@0&04 -0.20568E-04 
-6.92825 -0.ll625E.04 -0.69781E.06 -6.92529 : -0.6411lE-04 -O.@2198E-04 
-7.91789 -0.11381E-04 -0.22350E-05 -7.91492 ~ +0.13808E-04 -O.l368OE-04 
-8.90746 -O.l8825E-04 -0.26191E-04 -8.90450 1 -O.l8423E-04 -0.5531OE-04 
19.89693 ~ -0.2892OE.04 -0.34505E-04 -9.89391 / iO.79308C04 -0.33023E-04 

- RC = 90" Ii maer - 
- i.9i988 -0.16314E.04 -0.2019RE-04 -1.97881 -0.31139E.03 -O.F:976E-04 
-3.95929 -0.90308E3-05 -0.79:21E-o5 -3.95620 -O.G1862E-04 -0.1402lE-03 
-5.9386: ~ -0.31044E-04 -0,7585OE-05 -5.93i57 -0.22178G03 -O,IXlOE-03 
-7.91794 .0.23608E-04 -0.99806L04 -7.78416 -0,17251E-03 -0.32807E-03 __. 



T::t Ic I” Intrgra~or Yi<’ IN!” Dmiation fioni Fit 

I’,“, AI..,; !VdLS~ I~.", AL;,,, \o,ts 
'Volts II, c 0 I'," I 0 ~\'olts' I'." > 0 v., z 0 

- DC - n 1 I.-I - 
~ .I- - V.2 .I.“Gl 

-1.66i43 -0.28239E-02 -0.45732E-02 .1.53108 -0.51426E,-02 .C.l15iBE-02 
13.26404 -0,26339E-02 -0,35931E-02 -3.12978 .0.72317E-02 -0.46689E-02 
-4,8jY@ -0.5126iE.02 -0.49604E-02 i -4.72540 -0.81792E-02 -0.93072B02 
-6.45635 -0,74561'&02 .0.80815E-02 i' -6.32436 -0.2065iE-01 -0.20343E.01 
-8.05751 -0.49039E.02 -0.34924C02 1' -7.92350 -O.l1920E-01 -O.l3623E-01 
-9.65445 -O.l6439E-02 -O.:5930E-03 ~ -9.51730 -O.S1035E:-02 -0.82316E-02 : 

- RC = 0.3 mdec - 
-1.36291 -0.31R67E.02 -[L:.1054E-02 -1.29133 -0,89199E-03 -0.10542E.02 
-2.69494 -0.21756E-02 -0.i3997E.03 1: -2.62173 ~ -O.l1433E-02 -0.31858E.03 
-4.02593 ~0.30170E-02 -O.'20656E-02 1' -3.95040 +O.l1386E-02 -0.21160E-02 
25.35405 -0.61830E-03 -0.10849L02 :: -5.28065 -0.33811E.04 10.45974E.03 
-6.68449 -0.11303L02 -O.l1123E-02 ~: -6.60937 -0.27337E-02 -0.27425E.02 
-8.01392 -0.69491E.03 ~0,1196lE-02 ~ -7.94048 : -0.43349E.03 -0.41424E.04 
-9.34293 -0,71152E-03 -0.27406&03 ii -9.27276 -0,26351E-02 -0.35939E.02 

- RC= 1.0 mdec - 
-,.74654 i0.40423E.03 
-3.47765 .0.80176E-03 
-5.21087 a0.34341E.03 
-6.94350 -0.21528E-03 
i8.67520 -0.79157E-04 +0.13032E-03 " -8.64628 -0.21082EO4 -0.22154E-03 

- RC = 9.0 mace - 
-1.89678 +O.l3899E-04 -0.14521E.03 , -1.88646 -0.25629E-04 -0.46963E-04 
-3.7883, ~ -0.21422E-03 -0,30454E-03 , -3.77835 1 +0,35927E-04 -0.39608E.04 
+5.68037 ~ -0.22166E-03 -0.20011E-03 '/ -5.66993 ~ -0.26571E-04 -0.55262E.-04 
77.57197 iO.l3722E-03 +0.18446%03 :' -7.56133 -O.l237OE-03 -0.69999E.04 
19.46358 -0.16447E-03 -0.48440E-04 1' -9.45305 -0.41024E-04 -0.11973E.03 

- RC = 10.0 mbec - 
~1.96219 i *0.37229E-04 -0.27931E.04 
-3.92264 ! -0.4651lE-04 

+0,14144E-04 )I -1.95886 ~ +O.l7243E-04 
-0.57905E-04 :~ -3.91944 -0.42045E-04 -0.65785E-04 

-5.88324 ( +0.27787E-04 
+7.84386 -0.58780E.04 -%;;:",:i; :;:i:;:%:",: 
+9.8044: +0.45614&04 +0.66473E-06 +0.41226E-04 

- RC = 30.0 ~JCL - 
-0.66043 -0.61610E.05 -0,56925E-05 I -0.65926 ~ -0.68724E-05 -0.35657E,-04 
-1.32033 -0.32922E.04 -0.10549C04 -1.31918 -0.14095E.04 -0.19240E.05 
-1~9R"lY -0.6656OE-05 -0.11871E.04 -1.97905 +0.68993E-05 +0.24578E-05 
'2.64011 +0.27704E-06 -0.77794%05 Ii 2.63901 ~ -0.48393E-06 -0.21540E-04 ' 

- RC = 1lIO.O mace - 
-".,0064 -O.l4903E-05 -0.10374E.04 .0.09735 -0,55846E-03 -0.54601E;-03 
-0.19965 -0.29586E-04 
-0.298fifi -0.53675E.04 
i0.39764 -0.11778E.03 
-0.49684 +0.6215&04 
iO.5Y584 +0.38084&04 

~ 10.79392 -0.13843G04 
+O.Y9202 .0.12436E.04 
-1.19002 ~ -0.68593E-04 
-1.58620 ~ r0.3315jE-04 
+I .98233 +0.54849E,-04 
72.97272 -0.3985OE-04 
-3.96307 -0,88923E.-06 
-4.95345 ~ -0.48005E-04 
-5.94375 -0.47189E.04 
i6.9341i -0.66196L04 
+7.92454 -0.44937E.04 
+8.91498 -O.l4106E-04 
-9.90519 -0.96746E.04 

'1.98072 -0.23979E.03 
-3.96097 -0.11309E.-03 

-0.38153E.04 ;i -0.19645 -0.71126E.04 
-0.61924E-04 -0.29547 -0.2366lE.04 
-0.12571E.03 1' -0.39448 ~ -O.Z8305E;-04 

+0,54540E-04 -0.49363 -O.l1485E-03 
+0,30786E-04 ~ -0.59298 -0.4033YL03 
-0.717YZE-05 ~ -0.79067 -0.52629E.04 

*0.54661E-04 -4.95019 -0.33385E-04 
-0,57015E-04 -5.9404l +0.20559E-04 
+0.79194E-04 ~ -6.93083 -0.52865E-05 
-0,28768E-04 ii -7.92135 ! -O.llllOE-03 

-0.3344%04 ': -8.91164 -0.53162&04 
-0.74235E-04 -9.90191 -0.57106E.04 

- RC = 900.0 rmec - 
-0.13815E.03 -1 .Y7967 -t?i4838E-03 
-0.28878E.03 -3.95997 -0.6752OE-04 

.0.83207E.04 
-0.35376E.04 ~ 
-0.39653E.-04 
-O.l2583E-03 
-0.41401E.03 
.0.62511E.-04 
-0.44985G04 

~0.86i06E.04 
~0.13831E.04 
-0,46878E-04 
-0.64664E.04 ~ 
-0.43645E;-04 
-0.27865E-04 

-0.29i45E.04 
-0.7565YL05 
-0.94578E-04 

+0.73349E-04 
+0.8095YE.04 

-O.Y9681E-04 
-C.Z3031E-03 

75.94114 -0.51261L03 -0.48606E-03 -5.94018 -0.32673E.03 -0.34425E-03 
~ 47.82330 +0.38586E-03 -0.60453E.-03 -7.78859 -0.24573503 .0.33576E-03 



Table 14, Ini*groror S‘o. 1003 D~~iarmn from Fit 

r.o., Al..,, Volts. 1'0., A.i~,,, \‘olts 
'\‘olts' I',, < 0 1;. i 0 'Volts~ I',,, > 0 L'S" * 0 

- RC = 0.1 maec - 
-1.65946 +0.28858E-02 -0.1625ZE.01 .I.53462 I -0.54935E.-02 -0.55216EOZ 
73.25634 -0.38892E.02 -0,53459E-02 ~ -3.13317 iO.Z1546E-02 -0.57002E-02 
~4.85364 -O.l8537E-02 +0.32i33E.02 1~ -4.73133 ~ -0.83906E02 -0.13100E-01 : 
-6.45233 -O.l3722E-02 +0.23900E-02 !' -6.32799 -0.22433E.02 -0.37772E-02 
-8.05143 -0.26107E.02 -0.48679E.03 ~ -7.9253F -0.52218E-02 -0.35969E.02 
19.64708 -0.19982E.02 -0.92172E-02 -9.52334 +0.88209E-02 L0.13639E.01 

- RC = 0.3 msec - 
-~I.36285 -0,12657E-02 -0,55325E-02 i, .I.24949 ~0.24003E-01 -0.41119E.01 
-2.69213 -0.30948E.03 -0,34743E-02 -2.62396 -O.l6876E-01 -0,4524OE:-02 

-0.22887E-03 .0.30712E-02 14.02136 -3.95242 
i5.35077 -0.19340E.02 .0,8829jE-03 ~' -5.28153 
76.67999 -0.37146C03 -0.19613E-02 ~ -6.61152 
-8.00837 .0.55915E-03 -0.240833-02 -7.93915 
-9.33786 -0,64740E-03 -0.20127E-02 !, -9.26832 

- RC = 1.0 maec - 

-O.llZOHE-01 -0.36220E-02 
-0.5519lE-02 -0.27012G02 
-0.16496E.02 -0.35967E-02 

+0.37744E-02 -0.29349E.02 
-0.6853OE-02 -k46156E-02 

-1.74366 -O.l2835E-03 -0.20816E-04 -1.71686 +0.6080lE-04 -0.15472L04 
+3.47429 +0.11039E-03 -0.29944E.04 
-5.20455 -0.51846E.03 

1 -6.93526 -0.65496E-04 
+a.66665 +0.12872E.03 +0,25442E-03 .8.63911 +0.27134E-03 10.36345E.03 

- RC= 9.0 msec - 
~1.89679 -0.45247E-04 -0,12995E-03 IN -1.88704 ~ +0.21976E-04 -0,35201E:-04 
t3.78903 -0.59372C04 
+5.68,09 ~ +0.37471E-04 
+7.57289 ' -0.43876E.04 
19.46515 AO.l389lE-04 

* 1.96094 +O.l6961E-04 
13.92030 -0.225633-04 
T5.87965 ~ -0.23885E-04 
+7.83923 ~ -0.40103E-04 
+9.79855 i -0.1532OC04 

-0.12206~-04 '1 -3.77930 1 -0.19847%04 
iO.27838E.04 , -5.67126 ~ -0.15698%04 
-O.l5981E:-04 .7.56312 -0.45249G04 

-0,79322E-04 !! -9.45516 ~ +0.259693-04 
- RC = 10.0 mdec - 

+0,58405E-05 i! -1.95791 / +0.62370E-06 
-0.23952E.04 !I -3.91727 I i0.90082E.05 
-O.l5543E-04 /~ -5.87661 ~ -0.34909E-04 

+O.j81773-04 ;I -7.83606 ! +0.40129E-04 
-O.l2465E-04 -9.79538 -0.15922E.04 

?.^ ^^^ 

-0.66221E-05 
-0,24736E-05 
-0.32024E.04 

+0.39193E-04 

-0.48507E:-04 
-0.18714E.04 
-0.41224E.04 

+0.55224E-04 
-0.20580&04 

- n L = J”.” nlbPC - 
~0.66027 -0.42355E-05 -0.80696E.05 ;' -0.65921 iO.l5168E-05 *0.25285E-04 
-1.32005 
71.97982 

~ 12.63964 

-0.1050OE.04 
-0.76232E.05 
-0.19362E.05 

-0.17561E.04 ~; -1.31899 +0.22525E-05 +0.13347E-04 
-0.58067E.05 ,I .I.97876 ~ -0.84417E-05 -O.lOOZlE-04 
+0,14922E-05 ,! -2.63857 iO.S154lE-05 -0.90996C05 : 

- RC = 100.0 mdec - 
-0.1006i 

~ +0.19983 
;0.2989@ 
-CO.39815 
-0.49727 
10.59643 

-0.74i35E.07 r0.70273E.04 !' -0.09783 ~ -0.17312E-03 -0.20676E-03 
+0.85869E-06 +0.696463-04 ~~ -0.19678 -0.45298E.04 -0.11890604 
-0.83573E-05 ;0.59019E-04 -0.29597 -O.l1684E-04 -0.214953-04 

-0.10450E.04 ;0.76416E-04 -0.39511 ~ -O.l2046E-04 -0.44997E.04 ~ 
-0.32778E.04 -0,31778E-04 1; -0.49426 i +O.l4399ET04 -O.l8324E-04 
-0.34000E-04 +0,29145E:-04 Ii -0.59340 -0.18750E-04 -O.l3744E;-04 

-0.79475 -0,28420E-04 +0,31903E-04 " -0.79173 ~ -0.35623%04 
+0.99306 ~ +0.25328E-04 +0,82831E-04 1 .0.99005 -0.60489E-04 I~:%~~:~~ ~ 
+1.19*35 -0.17145E.04 +0,37j37E-04 i; .1.18827 *0.75034E-04 -0.4391lE.04 / 
Al.58794 ~ -0.39939E.04 +0.91003E-05 (; -1.58490 t0.40493E.04 

-0.7089iE.04 11 .1.98149 ~ -0.24253E04 
-0.10284C04 j 

-1.98454 +0.27499E-04 
-2.97608 -0.47547E-04 

-0,53548E-04 i 

+3.96755 -0.35707&04 
;",::~",~:~:~~ i' :~:",~~p: ~ :~:~',~~:~:~~ :~:~~~~~~:~~ ~ 

-4.95905 -0.37204E-05 
+0.52141E-04 

-0.48039E.05 ~, -4.95604 -0.30074E.05 -0.26449G04 
-5.95049 -0.39121E.04 -5.94747 -0.10984E-03 -O.,3000E-03 ~ 
-6.94205 i0.6009iE-04 -0.32971E.04 I -6.93901 -0.5i439E-05 -0.23617E-04 
-7.93358 -0.42180E-04 -0.83412E-04 !' -7.93057 -0.2193iE.04 -0.37525E.04 
-8.92515 -0.359jOE-04 -0.19387E.04 1: -8.92208 ~0.31928E-04 -0.18625E.04 
-9.91645 -0.95745?2-04 .O.l6519E-03 1; -9.91352 ~0.55501&04 -0.44483E.04 ~ 

- RC = 500.0 mdcc - 
-1.96138 -O.T7120E-05 -0.42493t.04 .I .98038 -0.39349E.04 -L.44790E-04 
-3.96226 -O.l963jE-04 -O.lZOjZE-04 -3.96133 -0.45313L05 -0.35990E.[14 
-5.94321 -0.16380E.04 -0.32349E.05 -5.94218 +0.11525E-03 -0.9382EE.04 
17.92405 -0.42428E-05 -0,51056E-04 i, -i.78965 .0.79973E-04 -O.l5071E~-03 



Taidr 15: lntegratur Sf> 10~ Dr\-jarion fra,r; FII 

1’04 Al',,, :Volts; ~',,f AI'o,g \‘olrs, 
'volrs; I,, < 0 VW # 0 l ~volts: i v,, > 0 I'.. # 0 

- RC = 0.1 mscr - 
+1.65991 : -0,86401E-04 -0.59733E-02 ~ -1.53829 -0.34937E-03 -0.33445LOZ 
-3.26220 +0.21285E-02 -0,20262E-02 ~ -3.14045 -O.l4499E-02 -0.1132lE.02 
-4.86202 -0.352llE.-02 .0,57645E-02 1 -4.74165 ~ *0.24243E-02 -0.38917E.02 
-6.46518 -0.13993E.02 lO.l0586E-02 -6.34389 ~ +0.44079E.03 -0.79691E.03 
~8.06673 -0.69305E-03 +0,22598E:-02 ~ -7.94440 -0.58878E.03 -0.16667E-03 
i9.66907 +0.37512E-03 -0.3849G02 ', -9.54699 ~ -0.94lijE-03 -0.2809lE-02 ! 

- RC = 0.3 ~SCC - 
+1.36679 -O.l8058E-03 
'2.69820 ~ -0.26180E-03 

+0,74099E-03 ,~ .1.29713 +0.51340E-03 
10.689i7E.03 ' -2.63007 .0.42899E-03 

-0.41392E.03 
-0.52847E-03 ~ 

i4.03070 -0.84642E-03 -0.55112E.03 ~ -3.96172 ! -0.52723E3-04 -0,46757E-04 
-5.36270 &0.62931E-03 -0.79225E.03 -O.l2951E-02 
-6.69468 : .0.86483E-03 
-8.02685 : -0.37865E-03 
19.35902 +O.l3103E-04 

- RC = 1.0 maec - 
il.74847 -0.19262E.03 -0.35784E.04 1: -1.72147 1 -0,16421E-03 -0.11167E.03 
~3.48367 +0.75858E-04 

/ +5.21914 
-0.268163-03 -0.30344E.03 

+0.41304E-03 
I +6.95420 1 -0.38444E-03 

+0.61279E.04 +0,43283E-04 ! 
-O.l0058E-03 

18.68946 ' -0.24565E-04 
-0.10130E.03 1 

&0.56263E-04 -0.72816E-04 
- RC = 3.0 mdec - 

71.89962 , -0.19922G04 -0.12967E.04 ! -1.88992 70.54386E-04 +O.l2206E3-03 
~ +3.79460 , +O.l0206E-03 +O.l0274E-03 '1 -3.78508 -O.l9848E-05 +0.40594E-04 
~ i5.68939 ~ -0.32911&04 -0.38505E-04 -5.68006 .O.l1937E-03 -0.lOlP9E.03 
1 +7.58418 -O.l6788E-03 -0.17975E.03 -7.57473 -0.33967%04 

-0.92736E.04 ii -9.46953 
-0.41579E-04 

+9.47929 ;0.110883-03 +0.55508E-04 -0.22801%04 
- RC= 10.0 msrc - 

~ 1-5.89428 / -0.13538L04 +O.l9816E-05 -5.89125 -0.44655E-04 -0,61670E-04 
+7.85871 i0.50403E.04 +0.3658ZE-04 -7.85564 1 -O.l8547E-04 -O.l6002E-04 

~ 19.82286 -0.24717%04 -0.67876E.04 ~ -9.81984 10.36486E.04 -0.5859lE-04 
I - RC = 30.0 mscc - 

r0.66170 +0.46014E-03 -0.33164E-05 i -0.66071 1 -0.23688E-04 -0,70630E-04 
il.32288 ~ -0.85033E;-05 
11.98408 ~ 10.51033E.05 
-2.64531 +0.38868E-06 

-0.10090 ~ -0.34403E.04 
-0.20026 ~ -0.43383%04 
-0.29967 -0.20458E-04 
iO.39905 -0.35576E-04 
+0.49843 -0.24556E:-04 
+0.59780 -0.39620G04 
GO.79659 -0.15729G04 
10.99536 +0.22374E-05 
-1.19413 / -0.22214E-04 
+I.59167 -0.38040E-04 
+I.98914 ~ -0,28099E-04 
+2.98299 +0.31473E-04 
-3.97689 +0.66753E-04 
i4.97OiO -0.52244E-04 
-5.96446 ~0.42020%04 
+G.95838 ~0.51056E-04 
f7.95234 -0.59881E-04 
+8.946"R -0.30660S04 

-0.80818E.05 -1.32185 j -0.70112E-05 
+0,13864E-04 ~ -1.98291 ' +0.84297E-04 
+O.l7489E-04 ! -2.64424 -0.541303-04 

- RC= 100.0 mser - 
-0.46130E-04 I: -0.09785 -0.21149E-05 
-0.54890E.04 I! -0.19726 
-0.31746E.04 i' -0.29663 

-0.30531E.05 
+0.23945E.O4 

-0.46644E.04 : -0.39603 +0.22954E-04 
-0.35404E.04 ', -0.49543 -0.98998E-05 
-0.50249E.04 ii -0.59481 +0.16845&04 
-0.25919E.04 ii -0.79363 -0.19211E.04 
-0.75135E.05 1 -0.99236 +O.l2617E-04 

+O.l2902E-04 IZ -1.19113 +O.l6508E-04 
+0,29606E-04 I' -1.58868 i -0.78267E-05 
-0.20543E.04 Ii -1.98615 +O.l5670E-04 
-0.26113E.04 -2.98003 
-0.63588L04 -3.97383 ~ ::::~~~~~::~ 
-0.51275CO4 -4.96775 ~ -0.58399E-04 
+0.43247E-04 ', .5.96154 -0.39262&04 
-0.54479E.04 -6.95539 ~ -0.19807E-04 
-0.65499E-04 -7.94935 ~ -0.50034E-04 
-0.22846E.04 -8.94321 i -0.36786E-06 

-0.25865E-04 
-0.93532E-04 
-0.16805E.04 : 

-0,57297E-05 
-0.47017E.05 
-0.316lOE.04 
-0.30529E-04 
;O.l7385E-04 
T-0.24241E.04 ~ 
-O.l1995E-04 

-O.l9653E-04 
+0.23364E-04 
-O.l3295E-05 

-0.21808E-04 
-0.19794E.04 ~ 

-0.25192E-05 
-0.54956E.-04 
-0.36716E.04 
-0.18160E.04 
-0.492@6E-04 
-0.51737E-06 

19.93973 -0.15088C03 -O.l4087E-03 -9.93691 ~ -0.10877E.03 -O.lO::ZE-03 
- RC = 900.0 rnaec - 

~ Tl.98786 -0.26330L04 -0.7753lE-04 .I.98683 -0.8433:E.04 -0.14093E.03 
~ i3.97528 -o,3553lE-04 -O.G0585E-04 -3.9742Y ~ '0.27994E.04 -O.llIlPE-03 
~ +5. 96257 T0.75553E-05 -0.46194E-04 -5.96167 ~ -0.20693E.03 -0.14804E.03 

+7.949ai ~ -0.17114E.04 -O.l4967E-03 -7.81632 ~ -0,15081E-03 -0.34226E.03 



4.3 Goodness ofFit D.l 

D Deviation from Straight Line: Graphs 

These we the graphs showing the de\-iaions from a perfect fit t,o the measured voltages. The data 
is taken from Appendix C. The X axis is Ia,, in volts, and the I’ axis is AI’.,,,. The multiplier for 
AI,,,, is found directly above t.hr 1’ axis. Ther? are sixteen graphs (eight per page) for each of the 
four INTEGFMTORS, or t,wo per Time Conscant. 

The left column has the error from the Local fits, corresponding to I’.,, > 0 and Vi, < 0. Since 
V,,, is proportional to the negative of it,: 15, > 0 is actually shown on the negative side of the 
AL’out axis. The right half of the page shows them for the Global fit, which is over all Vout $ 0. 



D.2 4 CALIBRATION 

Figure 4: Integrator Number 1 Deviation Graphs 
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D.4 4 CALIBRATION 

Figure 5: Integrator Number 2 Deviation Graphs 
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Figure 6: Integrator Kumber 3 Deviation Graphs 
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Figure 7: Integrator Number 4 Deviation Graphs 
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